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FOREWORD 

The work described herein was performed by the General Electric Company 

The purpose was to purify and analyze the helium 
under the sponsorship of the National Aeronautics and Space Administration 
under Contract NAS 3-2547. 
environment used in welding refractory alloy components for evaluation in a 
boiling and condensing potassium corrosion test loop. 

Dr. T. F. Lyon conducted the experimental work with the assistance of 
Mr. W. L. Hasty. Dr. R. B. Hand, Manager, Chemistry and Physics, was respon- 
sible for the preliminary design of the mass spectrometer system and contin- 

Fabrication, and Mr. P. A. Blanz contributed to the welding aspects of the 
experimental investigation. This work was administered for the General 
Electric Company by Dr. J. W. Semmel, Jr., Manager, Materials and Processes. 
Mr. E. E. Hoffman, Manager, Corrosion Technology, acts as Program Manager of 
the Potassium Corrosion Test Loop Development Program which will evaluate the 
material performance. Messieurs T. A. Moss and R. L. Davies are the Technical 
Managers for the National Aeronautics and Space Administration. 

"uilg, .m- -. - - - - uousiy lent h i s  advice ana assistance. ivir. W. E. v7 marlager, h i n i i i g  and 
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I, INTRODUCTION 

A helium a n a l y s i s  system has  been assembled and used t o  monitor i m p u r i t i e s  
i.n a vacuum purged, i n e r t  gas  welding chamber. The a n a l y t i c a l  s y s t e m  c o n s i s t s  
of a mass spec t rometer  and e l e c t r o l y t i c  hygrometer t o  monitor t h e  chamber gas  
and a t r a c e  oxygen ana lyzer  and e l e c t r o l y t i c  hygrometer t o  d e t e c t  impur i . t i es  i n  
t h e  i n l e t  helium. The mass spectrometer i s  a magnetic d e f l e c t i o n  instrument  
w i t h  a N i e r  t ype  of e l e c t r o n  bombardment i o n  source  and e l e c t r o n  m u l t i p l i e r  
d e t e c t o r .  This  type  of spectrometer i s  most f r e q u e n t l y  used f o r  t h e  a n a l y s i s  
of r e s i d u a l  gases  i n  an u l t r a h i g h  vacuum system. 
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i 
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Afte r  des ign ,  c o n s t r u c t i o n ,  and i n i t i a l  o p e r a t i o n  of t h e  mass spec t rometer  
i t  w a s  soon obvious t h a t  r e l i a b l e  ana lyses  for water vapor could no t  be ob ta ined .  
S ince  water  vapor was expected t o  be one of t h e  ch ie f  contaminants w i th in  t h e  
welding chamber, t h e  e l e c t r o l y t i c  hygrometer s y s t e m  was i n s t a l l e d  on t h e  welding 
chamber and u t i l i z e d  f o r  t h e  water ana lyses .  

The i m p u r i t i e s  i n  t h e  welding chamber ( o t h e r  t han  water  vapor) of riain 
i n t e r e s t  have been oxygen, n i t rogen  and hydrogen. The mass spectrometer is  
c a l i b r a t e d  f o r  t hese  t h r e e  gases  and t h e  r e l i a b l e  d e t e c t i o n  l i m i t  for each of 

o t h e r  i p p u r i t i e s  i s  a l s o  obta ined .  
thzsc is cstinatc:! tc be Setweer, 1 3zd 2 wlurr ,e  p p .  Q u s l i t s t i v e  analysii. nf  

Spec ia l  c y l i n d e r  helium has  been obta ined  f o r  u s e  i n  t h i s  program. F u r t h e r  
p u r i f i c a t i o n  of t h i s  helium us ing  a molecular s i e v e  d r y e r  and ho t  t i t a n i u m  
fu rnace  has  produced i n l e t  gas to  t h e  welding chamber having impur i ty  l e v e l s  
c o n s i s t e n t l y  below t h e  d e t e c t i o n  l i m i t s  of t h e  mass spec t rometer .  A commercially 
a v a i l a b l e  t r a c e  oxygen ana lyze r  and an  e l e c t r o l y t i c  hygrometer have been used 
f o r  oxygen and mois ture  a n a l y s i s  of t h e  i n l e t  helium. 

Th i s  r e p o r t  d e s c r i b e s  t h e  layout and o p e r a t i o n  of t h e  mass spec t ror re te r  
and o t h e r  a n a l y t i c a l  ins t ruments  used. Typica l  impur i ty  l e v e l s  encountered i n  
t h e  welding chamber and changes i n  t h e  impur i ty  l e v e l s  a r e  given. 

11. WASS SPECTROMETER SYSTEM 

I 
1 

A .  Apparatus 

The mass spec t rometer  ana lyzer  t ube  (General Electr ic  Model 22PT110) 
c o n s i s t s  of a N i e r  type  of e l e c t r o n  bombardment i o n  source ,  a 90-degree s e c t o r  
magnetic analyzer wi th  a 5-cm radius  of cu rva tu re ,  and 10-stage electrxz mul t i -  
p l i e r  d e t e c t o r .  The tube  envelope i s  of Type 304L s t a i n l e s s  steel witk ceramic- 
me ta l  e l e c t r i c a l  feedthroughs.  The magnetic f i e l d  i s  suppl ied  by a 3-kilogauss 
bakeable  permanent magnet (General E l e c t r i c  Model 22PM103). The f i x e d  magnetic 
f i e l d  wi th  e l e c t r o s t a t i c  scanning provides ad jacen t  peak s e p a r a t i o n  f r s x  2 t o  
50 AML' (atomic mass u n i t s )  which covers t h e  range of t h e  most l i k e l y  i r r ipuri t ies  
i n he1 i um . 
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Figure  1 i s  a layout  of t h e  mass spectrometer  sys t em.  The sample gas  
e n t e r s  t h e  s y s t e m  through the  v a r i a b l e  leak va lve  (Granv i l l e -Ph i l l i p s  S e r i e s  
203) which i s  used t o  c o n t r o l  t h e  p re s su re  i n  t h e  system. The system p res su re  
i s  measured wi th  a Bayard - Alpert  type  i o n i z a t i o n  gauge (General Electr ic  
Model 22GT104). A n  u l t r a h i g h  vacuum valve  i s  used t o  i s o l a t e  t h e  a n a l y t i c a l  
po r t ion  of t h e  system from t h e  pumps and t r a p s .  The pumping s y s t e m  c o n s i s t s  
of a g l a s s  mercury d i f f u s i o n  pump rated a t  80 l i t e rs  p e r  second which i s  
sepa ra t ed  from t h e  a n a l y t i c a l  s y s t e m  by two l i q u i d  n i t r o g e n  cooled t r a p s ,  one 
g l a s s  and one metal. Three s t a i n l e s s  steel bellows, l oca t ed  as  shown i n  
F igu re  1, prevent excess ive  s t r e s s  on t h e  components. A molecular  s i e v e  
t r a p  between t h e  mechanical forepump and t h e  d i f f u s i o n  pump p r o t e c t s  t h e  
s y s t e m  from backstreaming o i l  vapor. The f o r e l i n e  p re s su re  i s  monitored by 
a thermocouple gauge. 

F igu re  2 i s  a photograph of  the a n a l y t i c a l  po r t ion  of t h e  system made 
dur ing  i n i t i a l  assembly. The i o n i z a t i o n  gauge had no t  y e t  been a t tached  t o  
t h e  sys t em.  A s  shown i n  F igure  2, t h e  components are a t t ached  wi th  appropr i a t e  
b racke t s  t o  a s t a i n l e s s  steel basepla te .  

That po r t ion  of t h e  system shown i n  F igure  2 may be  enclosed wi th  a 
bakeout oven capable  of temperatures as h igh  as 45OOC. An o v e r a l l  view 
of t h e  system wi th  t h e  bakeout oven i n  p l ace  i s  shown i n  F igure  3. The metal 
co ld  t r a p  i s  provided w i t h  a hea t ing  mantle  f o r  bakeout.  E l e c t r o n i c  c o n t r o l s  
f o r  t h e  s y s t e m  are loca ted  on t h e  c a r t  a t  t h e  l e f t .  The r eco rde r  i s  used t o  
monitor t h e  temperature  of t he  var ious components dur ing  bakeout. 

-10 
With proper precaut ions ,  a pressure  of 2 t o  3 x 10 t o r r  i s  c o n s i s t e n t l y  

obta ined  as ind ica t ed  by t h e  i o n i z a t i o n  gauge. 
on t h e  r e s i d u a l  gases  i n  t h i s  system i n d i c a t e  t h a t  t h e  t r u e  base pressure  i s  
i n  t h e  mid-10-11 t o r r  range a s  w i l l  be  shown la te r  i n  t h i s  r e p o r t .  
i o n i z a t i o n  gauge i n d i c a t e s  a higher  p re s su re ,  probably due t o  being opera ted  
nea r  t o  t h e  x-ray l i m i t  which i s  near  1 x 10-l-O t o r r ,  according t o  t h e  manu- 
f a c t u r e r .  

However, mass s p e c t r a  obta ined  

The 

A t  t h e  present  t i m e ,  t h e  metal l i q u i d  n i t rogen  t r a p  i s  no t  used because 
adequate ly  low p res su res  a r e  obtained wi th  only t h e  g l a s s  t r a p  cooled.  
Contamination of t h e  system by condensible  vapors such as H20, COz, o r  Hg 
can  u s u a l l y  be quick ly  e l imina ted  by coo l ing  of t h e  m e t a l  t r a p .  However, 
subsequent warming of t h i s  t r a p  t o  room temperature r e s u l t s  i n  t h e  evolu t ion  
of f a i r l y  l a r g e  q u a n t i t i e s  of these  vapors back i n t o  t h e  system. 

The i o n i z a t i o n  gauge i t s e l f  has been found t o  be a source of  carbo3 
monoxide and hydrocarbons apparent ly  a r i s i n g  e i ther  from t h e  elements of t h e  
gauge or  from r e a c t i o n s  wi th  r e s idua l  gases  i n  t he  system. To minimize t h e  
q u a n t i t y  of t h e s e  s p e c i e s  on t h e  background spec t r a ,  analyses are  performed 
wi th  t h e  i o n i z a t i o n  gauge o f f .  

The thor ia -coa ted  i r id ium f i lament  i n  t h e  spectrometer  i s  used and 
opera ted  wi th  0 . 5  m a .  emission cu r ren t  and 50 v o l t s  i o n i z i n g  p o t e n t i a l .  The 

-2- 
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F igure  1.  Mass Spectrometer System. 
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f i lament  i s  operated cont inuously a t  t h e s e  cond i t ions  because considera52e 
gas  is  l iberated when t h e  f i lament  p o w e r  i s  f i r s t  appl ied  a f t e r  a proloqged 
period with t h e  f i lament  a t  ambient temperature .  
opera ted  a t  1550 v o l t s .  

The e l e c t r o n  m u l t i p l i e s  i s  

Mass s p e c t r a  are recorded on 8 1/2 x 11-inch paper u t i l i z i n g  a movi.eg 
pen recorder  (Houston Instrument Model HR-96T) wi th  t i m e  base on the x-axis. 
The  high mass range from 45 t o  1 2  AMU i s  focused a t  a c c e l e r a t i n g  p o t e n t i a l s  
between 200 and 800 v o l t s .  
The low mass spec ie s ,  helium at4AMU and hydrogen a t  2 AMU, are focused wi th  
a c c e l e r a t i n g  p o t e n t i a l s  of about  2300 and 4600 v o l t s  r e spec t ive ly  and r e q u i r e  
an a d d i t i o n a l  5 minutes. I t  thus  r e q u i r e s  about 1 5  minutes t o  record t h e  
t o t a l  mass spectrum. 

T h i s  range i s  scanned i n  approximately 1 0  mii?.utes. 

R.  Cal i .brat ion and Data Reduction 

The o r i g i n a l  plan f o r  t he  a n a l y t i c a l  s y s t e m  was t o  c a l i b r a t e  t h e  mass 
spectrometer  aga ins t  pressures  of var ious  pure gases  within the  system by 
in t roducing  t h e  pure gases  and not ing the  mass spectrometer  i on  cu r ren t  
produced f o r  a given p r e s s u r e  of the gas as ind ica t ed  by t h e  system io:i::zation 
gauge. Saxe ana lyses  early i n  the  program were actual1.y performed by this 
metkiod but i t  soon became apparent that  t h e  r e s u l t s  were s e r i o u s l y  i n  e~ r iu r  
clue principal1.y t o  two f a c t o r s .  
on i n t r o d u c t i o n  i n t o  t h e  vacuum s y s t e m .  
are adsorp t ion  on t h e  c l e a n  wa l l s  of t h e  s y s t e m  o r  r eac t ion  of t h e  oxyge:~ 
w i t h  the elements of t he  ion gauge o r  t h e  spectrometer  tube. The r e s u l t  o f  
t h i s  was t h a t  oxygen ana lyses  were obta ined  which were less than t h e  t r u e  
va lue  by a f a c t o r  of about ten. 

The f i r s t  i s  t h a t  oxygen i s  apparent ly  I n s t  
Poss ib l e  causes  f o r  t h e  oxygei?. loss 

The second f a c t o r  a f f e c t i n g  the  measurements was a s soc ia t ed  wi th  t h e  
kydroge? ana lyses .  I t  w a s  found t h a t  t h e  mass spectrometer  i o n  cu r ren t  a t  
2 A N  w a s  a func t ion  of both the  t o t a l  gas  p re s su re  and of t h e  p a r t i a l  p ressure  
of hydrogen. The reason f o r  t h i s  behavior i s  not completely c l e a r  a t  t h i s  
t i m e  al though i t  may be connected with the  l i b e r a t i o n  of hydrogen a t  s o ~ e  
po in t  i n  t h e  spectrometer  tube due t o  l o c a l  hea t ing  by the  i o n  beam. T5_e 
r e s u l t  of t h i s  behavior was t h a t  hydrogen concent ra t ions  c a l c u l a t e d  f n m  the 
pure gas c a l i b r a t i o n  were 1 0  t o  20 ppm g r e a t e r  than t h e  t r u e  value.  

Although t h i s  e a r l y  procedure gave erroneous r e s u l t s  for oxygen acid hydro- 
gen, ana lyses  f o r  t h e  more i n e r t  gases  such as argon, neon and n i t rogen  were 
a t  least  reasonable .  

The response of t he  mass spectrometer which w a s  obtained f o r  c a l i b r a t i o n  
w i t h  pure  gases  shows t h e  v e r y  s t rong  m e s s  d i sc r imina t ion  which can occur  
w i t h  e l e c t r o s t a t i c  scanning when a f i x e d  magnetik f i e l d  i s  employed. 
shows the r e s u l t s  of t h e  pure gas  c a l i b r a t i o n  f o r  t h e  f o u r  gases  H2, He, 
and A f o r  which t h e  parent  peaks occur a t  mass numbers 2, 
r e s p e c t i v e l y .  This  f i g u r e  i s  a semi-logarithmic p l o t  of the  r a t i o  of t h e  
mass spectrometer  i o n  eurrerlt  to  t h e  pure gas p res su re  as ind ica t ed  by t h e  
i o n i z a t i o n  gauge, p l o t t e d  aga ins t  mass number. Since d i f f e r e n c e s  i n  io-.iza,tion 
e f f i c i e n c y  a f f e c t  t he  mass spectrometer i o n  source and the  i o n i z a t i o n  gauge 
t o  roughly t h e  same e x t e n t ,  t h i s  plot  r e f l e c t s  t h e  ch.aoge i n  response d u e  
t o  mess d i f f e r e n c e s  a lone .  As may be seen from F igure  4, t h e  s e n s i t i v i t y  

Figure  4 
X2 

4, 28 and 40 
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I .  

of the mass spectrometer to hydrogen is ahout a factor of 130 greater than 
the sensitivity to argon, This is due mainly to the large difference in .. t 

accelerating voltage required to focus the different masses at the detector; 
4600 volts for hydrogen as  compared to 890~6: 220 volts for  argon, 
better secondary emission of the more energetic ions occurs at the first 
dynode of the electron multiplier and, in addition, better withdrawal and 
focusing of ions oc~",urs in the ion source and better transmission efficiency 
through the magnetic analyzer is obtained at the higher ion accelerating 
voltages 

&eh 

The attempt to obtain reliable m d y s e s  by the pure gas calibration 
procedure has been abandoned due mainly to the difficulty in obtaining 
reliable analyses for oxygen and hydrogen by this technique, and also due 
to the rather time consuming procedure involved in the calibration, 

An alternate procedure, in which the mass spectrometer io calibrc%";d 
against helium of known impurity content, has been found to give quite 
accurate analyses down to impurity levels as low as a f e w  ppm, 
ground" mass spectrum is first obtained using a sample of ultrahigh purity 
helium in which the eoncentzation of e w h  impurity of interest is effectively 
zero. A spectrum sf the calibrating gas is then obtained, 
factor for  each impurity is then obtained Prom the increase in ion wrlrent 
in the calibrating gas spectrum above that of the pure gas spectrum, 

A "'back- 

The sensitivity 

Thus if I is the ion current due to a particular impurity in the 
calibrating gas, Io is the io3 cuTrent at the smemsa numbe- for the 
pure helium, and 1~~ is the ion cur2zn t  fol-: helium in the calibrating gas 
spectrum, then the sensitivity factor is dstmmined as the increase in the 
ratio I 0 Xo per part per million impurity in the calibrating gas. The 

sensitivity factor thus obtained is used Its calculate the various impurity 
concentrations from the unknown sample opeetrum. 

___I_ 

Analyses of the ultrahigh purity helium and the  calibrating mixtuza 
were supplied by the vendor and these analyses are shown in Table 1, Analysis 
of the calibrating mixture for oxygen has also been obtained here using a 
sensitive Brady apparatus, The result is in very good agreement with :he 
vendor analysis and is given in the l a s t  column of Table! I, 

Use of the above described procedure eliminates the difficulties 
An additional advantage encountered in the pure gas calibration method. 

is that the calibration can be performed fairly rapidly, The system is 
usually calibrated once each day and, in ceztain instances, both befor3 
and after analysis of the unknown samples. 

C. Sampling Svstem 

The sampling system for the mass spectrometez is arranged so that 
helium may be introduced from the i n l e t  line to the welding chamber, from 



O2 

N2 

H2 

I co 

I c02 

Ne 

I A 
i 
I 

CH4 

H2° 

He 

TABLE I 

ANALYSES OF ULTRAPURE HELIUM AND CALIBRATING MIXTURE 

Ultrapure Helium 

0.1 

0.3 

Vendor Analysis, pprn 

0.2 

0.0 

0.1 

10.9 

0.0 

0.0 

2.5 

Ba 1 an c e 

Calibrating Mixture Calibrating Mixture 
Vendor Analysis, ppm =$y Analysis, ppm 

17 18.3 

12 

20 

15 

ND 

ND 

ND 

ND 

ND 

Balance 

ND indicates not detected 
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. t h e  chamber i t s e l f ,  o r  from e i t h e r  the c a l i b r a t i n g  gas cy l inde r  o r  t h e  
cy l inde r  of u l t r a p u r e  helium, A schematic drawing of t h e  sample system 
i s  shown i n  Figure 5. Valves used i n  t h i s  system a r e  of a l l  metal  con- 
s t r u c t i o n ,  e i t h e r  of t h e  diaphragm o r  bel lows-seal  type.  
connect ions a r e  welded o r  brazed and, where the  l i n e s  must be uncoupled, 
Swagelok connections are used, A d e t a i l  drawing of t he  i n l e t  t o  t he  
v a r i a b l e  leak  valve i s  a l s o  shown i n  Figure 5. This  cons t ruc t ion  is  such 
t h a t  t he  sample f lu shes  p a s t  t he  valve s e a t  and r e t u r n s  through an annular  
space,  

Most of t he  

The sample system is evacuated by a mechanical pump t o  about 1 micron 
p res su re  before  the  sample is  introduced. The sample system i s  maintained 
under vacuum when no t  i n  use. 
of o i l  vapor from t h e  pump and a thermocouple gauge i s  used to  monitor t h e  
sample l i n e  pressure .  
f o r  s e v e r a l  minutes a t  a r a t e  of about 1SO cc  per  minute i n  order  t o  f l u s h  
o u t  traces of contaminants not  removed by the  pump. 
tubing between t h e  sample i n l e t  and the flowmeter prevents  back d i f f u s i o n  
of a i r  from the  o u t l e t  of t he  flowmeter. 

A molecular s i e v e  t r a p  prevents  back d i f f u s i o n  

The sample gas i s  allowed t o  flow through t h e  system 

Two f e e t  of small-bore 

D. Performance of t he  Mass S p e c t r o m m  

A mass spectrum of the  r e s i d u a l  gases i n  the  mass spectrometer  system, 
obtained wi th  the  i o n i z a t i o n  gauge off is  shown i n  Figurelp.  
gaseous spec ie s  p r f f e n t  a r e  H 
a t  about 1 .5  x 10- 
Smaller amounts of water vapor (18 AM31 and helium (4  M U )  a r e  a l s o  de t ec t ab le .  
These p a r t i a l  p ressures  a r e  ca l cu la t ed  from the  c a l i b r a t i o n  curve shown i n  
F igure  4111The t o t a l  p ressure  ca l cu la t ed  from the  sum of t h e  p a r t i a l  p resures  is 
4.4 x 10 
not  a r i s e  from gaseous spec ie s  wi th in  the  system, 
has been discussed by Davis (1) who son-,ludes t h a t  t h e i r  most probable source 
i s  t h e  i o n i z a t i o n  of su r face  impur i t ies  by e l e c t r o n s  i n  the  ion  source 
reg ion .  
do no t  occur a t  i n t e g r a l  mass numbers and, i n  addi t ion ,  do not  vary  apprec iab ly  
wi th  t h e  t o t a l  p ressure  i n  the  system. 
due t o  0' ions  from absorbed CO and t h e  peak a t  19.3, t o  F' ions .  
cons iderable  per iod a f t e r  f i r  t pu t t ing  t i e  mass spectrometer  i n t o  operat ion,  
such spur ious  peaks due t o  Na C 1  an$ K ions  were a l s o  observed. These 
peaks have s i n c e  disappeared and t h e  F peak has also decreased considerably.  

The major 
(2 AMU) at  about 1.6 x 10 t g f f ;  CO (23 AMU) 

t o r r ;  a n i  CO (44 AM?J) a t  about 1 . 0  x 10 t o r r .  

t o r r .  I n  Figure 6 the  peaks a t  16.3 and 19.3 AMJ probably do 
The o r i g i n  of t hese  peaks 

This  seems t o  be q u i t e  a reasonable  explana t ion  because the  peaks 

The peak a t  16.3 AMU is  s a i d  t o  be 
For a 

8 +  

These spur ious  peaks gene ra l ly  cause no d i f f i c u l t y  i n  the  i n t e r p r e t a t i o n  
of t h e  mass spectrum. 
peak a t  16 AMU due t o  CH E and 0 from O2 and COz. 

f o r  background i n  t h e  c a l i b r a t i o n  procedure. 
helium has been given i n  Table I. 
i o n i z a t i o n  gauge o f f ,  The hei'um 
Figure  4 to  be about 1.1 x 10 

H wever,+in most cases, t he  16.3 peak masks t h e  

F igu re  7 shows the  mass spectrum oi' t he  u l t r a h i g h  p u r i t y  helium used 
Thc vendor a n a l y s i s  of t h i s  

This spectrum was also obtained wi th  the  
r e s su re  i s  est imated from the  d a t a  of ? j p  t o r r  ind ica ted  pressure  on the  ion iza t ion  

-10- 
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-6 gauge. 
torr. 
detectable on the residual The peak at 
mass number 20 is due to Ne 
It may be noted that the ratio of the ion currents at 22 AMU to that at 
20 AMU is the same as the ratio of the isotopic abundances. 
23 AMU is probably due to Na+. 
obtained in the residual gas spectrum may also be noted. The rather drastic 
increase in the hydrogen peaks (2 AMU) is an indication of the dependence 
of this peak on total pressure as has been mentioned previously. An increase 
in the base line signal and also the noise on the trace may be noted starting 
at about 20 AMU and becoming more severe at the lower mass numbers as the 
accelerating voltage increases. 
lost in the noise at this signal level. 

This corresponds to a true helium pressure of about 5.6 x 10 
Several peaks occur in the ultrapure helium spectrum which are not 

as spectrum shown in Figure 6. .g and the peak at 22 is due to the neon isotope. 
The peak at 

A slight increase in all peaks over that 

The peaks at 12 to 15 AMU are practically 

Figure 8 is a mass spectrum of the calibrating mixture, the analysis of 
which is shown in Table I, 
be noted by comparing the ion currents with those at the corresponding mass 
number in Figure 7. The rather low sensitivity to oxygen (32 W )  is apparent. 
The sensitivity factor for nitrogen is obtained from the increase in the 
peak at 14 AMU due to &. 
assumed to be negligible. 
A+ (40 AMU) are also present. 
reported in the analysis shown in Table I, 

The sensitivity to the various impurities may 

Contribution to this peak from CO++ and C€$ is 
In Figure 8, ion currents due to Ne' (20 AMU) and 

Concentrations of these inert gases were not 

The accuracy of helium analysis by the presently used procedure depends 
.mainly on three factors; (1) the linearity of response of the mass spectro- 
meter, (2) the reproducibility of the analyses and (3)  the accuracy of the 
analysis of the calibrating mixture. Some consideration of these three 
factors follows. 

For linear response, the increase in ion current over the background ion 
current at a particular mass number should be proportional to the concentration 
of the impurity in the helium and also proportional to the total helium 
pressure within the ion source region, In Figure 9, the oxygen ion current 
is plotted against helium ion current for a series of mass spectra obtained 
with the calibration mixture at various pressures within the ion source. 
These data show the linearity of the oxygen peak with helium pressure over 
the range of helium pressures used for the analyses. 
that proportionality is obtained at least up to an oxygen concentration of 
17 ppm which is the concentration of oxygen in the calibrating mixture. 
is known, however, that at much higher oxygen concentrations, nonlinearity 
exists and the result is an apparent increase in sensitivity to oxygen. 
Apparently, this is due to the fact that when the system is very clean, a 
small quantity of oxygen introduced may be partially lost within the system 
by some mechanism, When a larger quantity of oxygen is admitted, partial 
saturation occurs with a consequent increase in oxygen sensit vity. At 
times, it has been found useful to introduce air at about 10 torr pressure 
and allow the system to soak for about one hour. 
in an increase in oxygen sensitivity of a factor of at least two which will 
persist for a period of weeks. 

It is thus demonstrated 

It 

-8 
This process usually results 
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Figure 10 shows the hydrogen ion current plotted against helfum ion 
current at various helium pressures for both the ultrahiEh purity 'ielium and 
the calibration mixture, It may be noted that an increase in hydrogen 
pressure is obtained even with the ultrapure helium. 
behavior is not clear, but it is thought to be associated with the very 
high accelerating voltage necessary to focus the hydrogen ions. 
calibrating the mass spectrometer, the difference between the hydrogen 
ion current from the calibration mixture spectrum and the hydrogen ion 
current from the ultrapure helium is utilized. As may be seen in Figure 10, 
this difference is fairly linear with helium ion current at the values 
for helium ion current normally used in the analyses. 

The reason for this 

In 

I In order to determine the reproducibility of the data obtained with 

I the mass spectrometer, a number of analyses have been made on a cylinder 
of commercial helium of rather low purity. 
various The results are shown in 
Table 11. 
30.7 and 193 ppm for oxygen and nitrogen, respectively. The corresponding 
precision, as measured by the standard deviation from the mean, is 19% and 
18%. For 12 of the 18 analyses, hydrogen was not detectable. The remaining 
6 values varied between 1 and 7 ppm. 

These analyses were made at 
I times over a period of about two months, 

For the 18 separate analyses the average values obtained were 

I 
I 

Some additional data on the accuracy of the mass spectrometer analyses 
I are available from the welding contamination study which will be discussed 

I in more detail later in this report, 
first filled with pure helium and then various quantities of air were 
added from a burette, 
added, and the known composition of air, the concentrations of oxygen and 
nitrogen were calculated. 
values is shown in Table 111. 

is 1.3 ppm and for nitrogen, 6,5ppm, For these analyses, the mass 
spectrometer was calibrated twice each day and the calibration factor was 
averaged for the analyses calculation, Thus, as might be expected, better 
precision was obtained than could be anticipated from the data of Table I1 
for which only one calibration was performed each day. The good agreement 
shown in Table I11 is further indication of the reliability of the vendor 
analysis for 0 and N in the calibration mixture. 

For this study, the welding chamber was 

I From the volume of the chamber, the quantity ot air 

I A comparison between these measured and calculated 
Generally good agreement may be noted. The 

I standard deviation between the measured and calculated values for oxygen 

2 2 
The performance of the mass spectrometer may be summarized as follows: 

The instrument is normally calibrated for oxygen, nitrogen and hydrogen 
in helium and the detection limit for each, as estimated from the minimum 
signal that may be reliably measured, is between 1 m d  2 ppm. 
of the analyses of oxygen and nitrogen, as measurea by the standard deviation 

-of the various data available, is bettsr than 20%. 
oxygen in helium between 5 and 50 ppm and to nitrogen in helium greater than 
5 ppm, with no apparent upper limit. 
the accuracy of the hydrogen analyses. 
impurities in the few ppm range can be obtained from interpretation of the 
mass spectra although no direct calibration is available. 

i 
The accuracy 

This value applies to 

No comparisons are available to estimate 
Qualitative analyses of other 
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4 LYSES OF A CONTl 

DATE - 
10- 20- 6 4  
10- 20- 6 4  

10- 26 - 64 
10- 30 - 6 4  
10-30- 6 4  

11-2-64 
11 -2-64 

1 1-4- 6 4  

11-4-64 

1 1 - 5 -64 
11-5-64 

11-6-64 

11 - 6-64 
11-9-64 
11-9-64 

12- 23 - 6 4  
12 -28 - 6 4  
12 - 30- 6 4  

Average 

S t d .  Dev., ppm 

S t d .  Dev, 

TABLE I1 

IINATED HELIUM CYLINDER TO DETERMINE REPRODUCIBILITY 

02, PPm 5, PPm 5' PP" 

31 147 1 
31 168 ND 

46 169 ND 

30 
29 

30 
25 

34 

35 

22 

31 

35 
35 

22 
34 

200 
2 00 

240 
234 

128 
160 

2 14 
2 02 

223 
2 05 

125 
210 

ND 

ND 

7 
ND 

2 
ND 

4 
1 

2 
ND 

ND 

ND 

22 2 12 ND 

25 2 14 ND 

ND - 227 - - 36 

30.7 193 

5.9 34 

1 9% 18% 

ND indicates not detected 
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TABLE I11 

COMPARISON OF MEASURED AND CALCULATED OXYGEN ANI) NITROGEN 

CONCENTRATIONS FOR AIR ADMITTED TO THE WELDING CHAMBER 

A i r  Added, cc 

36.3 

36.3 

92.6 

16.1 

28 .1  

42 .O 

69.2 

96.5 

144.3 

Oxygen, PPm 
Calculated Measured 

5.7 5 

5.7 5 

14.6 14 

2.5 5 

4 .4  5 

6.6 7 

10.9 10 

15.2 17 

22.7 21 

Nitrogen, ppm 
Calculated Measured 

21.3 18 

21.3 20 

54.4 51 

9.5 15 

16.5 20 

24.6 2 1  

40.6 37 

56.7 60 

84.7 68 
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I . 
111. ELECTROLYTIC HYGROMETER FOR THE WELDING CHAMBER 

Due to the difficulty in obtaining reliable analyses for water with 
the mass spectrometer, an electrolytic hygrometer system has been designed 
and constructed for the determination of moisture within the welding chamber. 
Figure 11 shows a schematic diagram of the system. Sample gas from the 
welding chamber is continuously drawn through the electrolytic cell and 
the flowmeter transducer. The electrolytic cell is used to determine the 
water vapor flow rate and the flowmeter measures the total gas flow. To 
decrease the response time of the system, the length of sample line and 
the number of fittings between the cell and the welding chamber have been 
minimized. 
and critical flow through the metering valve, no additional flow regulation 
has been found to be necessary. 
of a 67.5-volt battery connected in series with the cell, a 10,000-ohm current 
limiting resistor, the milliammeter, a recorder, and a switch. The multi- 
range milliammeter gives full scale indication for 0.1, 0.3, 1.0, 3.0, 30 
or 100 ma. The recorder has a full scale range of 0.2 ma. 

The operation of the hygrometer is based on Faraday's law which when 

, 
I 

With the welding chamber helium pressure automatically regulated 

The electrical circuit for the cell consists 

applied to the electrolysis of water, states that for each Faraday (96,500 
coulombs), 9.008 prams of water (one gram equivalent weight) dissociate 
into hydrogen and oxygen gas. If water vapor is being electrolyzed at a 
constant rate, this rate is 9.008 = 9.34 x grams per second of water 

96 500 vapor per ampere of electrolyzing current. This value may be converted 
to standard volume units to obtain 0.1266 std cc per second per ampere of 
electrolyzing current when standard conditions are taken as 25 C and 760 
torr pressure. Using this factor, it may readily be shown that moisture 
content (ppm by volume) = 7.60 x electrolyzing current (microamperes). 

0 

I 
I 

total flow rate (std cc/minute) 

It has been found quite convenient to set the total flow rate at 
76.0 std cc/minute so that the moisture content in ppm by volume is just 
0.1 times the cell current ir. microamperes. This hygrometer system can 
detect changes in moisture of less than U , l  ppili at thz 1 ppm Itgel. 

The Hastings-Raydist type LF-100 mass flowmeter reads directly 0-100 cc 
i per minute of air at standard conditions. Calibration was performed here 

for helium using a "bubble flowmeter" and several calibration points were 
also obtained using a wet test meter. All calibration points have been 
corrected to standard conditions (i,e., 25 C and 760 torr pressure). The 
results of this calibration are shown in Figure 12. The manufacturer of 
the flowmeter states that the instrument is accurate within 2% at pressures 
from 0.01 psia to 250 psia, and temperatures to 200'F. 
points of Figure 12 were obtained with helium pressures at the transducer 
between atmospheric and 10 psig and no particular trend with pressure was 
noted. 

0 

The calibration 

Figure 13 is a photograph of the electrolytic hygrometer system and 
the welding chamber. It may be noted that the hygrometer sample line is 
independent of the mass spectrometer sample system because the samples 
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I n l e t  Shutoff Valve - Whitey B a l l  Valve Type 4384-316 
E l e c t r o l y t i c  Hygrometer C e l l  - Beckman P a r t  #76285 
Mass Flowmeter Transducer - Hastings-Raydist Type F-100 
Metering Valve - Nupro Type SS2S 
Vacuum Gauge - USG Type 19931-1; 0-30 i n .  Hg vac. 
O u t l e t  Shutoff Valve - Hoke Toggle Type 1252 
Vacuum Pump - Welch #1399B 
Hygrometer C e l l  Milliammeter - Weston 

Flowmeter Control - Hastings Type LF-100 
Recorder - Rustrak Model A (0-0.2 ma.) 

Model 911 (Multirange) 

Valve (1) 

Weld Chamber 
~ Flange 

F igu re  11. 

Sample I n  

- .  
I - - -  
I 
I 
I 

I I 

Contro l  Panel 

Hygrometer (8) Flowmeter (9) 

I 
I 
I . -  -2 

Schematic of E l e c t r o l y t i c  Hygrometer System f o r  Moisture Measurement i n  
Welding Chamber. 
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Indicated Flow Rate, std,cc/min Air 

Figure 12. Calibration of Hastings Mass Flowmeter f o r  Helium. 
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a r e  taken i n t e r m i t t e n t l y  f o r  m a s s  spec t romet r ic  a n a l y s i s  and t h e  hygrometer 
o p e r a t e s  cont inuous ly  when welding is  i n  progress .  The hyg-*ameter c o n t r o l s  
a r e  placed nea r  t h e  s t a t i o n  u s u a l l y  used f o r  welding so t h a t  t h e  mois ture  
i n d i c a t i o n  i s  v i s i b l e  t o  t h e  welder. 

I V .  BECKMAN TRACE OXYGEN ANALYZER AND ELECTROLYTIC HYGROhlETER FOR INLET HELIUM 
ANALY S 1 S 

I 
I chamber are  oxygen and water. Because r e l i a b l e  i n d i c a t i o n  for water vapor 

The most important i m p u r i t i e s  i n  the  helium a d n i t t e d  t o  t h e  welding 

cannot be obta ined  wi th  t h e  mass spectrometer s y s t e m  and because t h e  i n l e t  
helium has  an oxygen con ten t  c o n s i s t e n t l y  below t h e  d e t e c t i o n  l i m i t  of t h e  
mass spec t rometer ,  a s e p a r a t e  s y s t e m  has been used t o  monitor t h e  i n l e t  gas  
p u r i t y .  Th i s  s y s t e m  c o n s i s t s  of Beckman Model 27901 e l e c t r o l y t i c  hygrometer 
and a Beckman Model 80 Trace Oxygen Analyzer which a r e  panel mounted wi th  
t h e  a s s o c i a t e d  gas  handling system. A photograph of t h i s  s y s t e m  i s  shown i n  
F igure  14. The e l e c t r o l y t i c  hygrometer has f i v e  ranges: 0-10, 0-30, 0-100, 

ranges ;  0-10 and 0-50 ppm f u l l  s c a l e .  The d e t e c t i o n  l i m i t  for t h e  hygrometer 
i s  about 0.05 ppm water vapor, and f o r  the  oxygen ana lyze r ,  about 0 .1  ppm 02. 

I 0-300, and 0-1000 ppm water vapor f u l l  s c a l e .  The oxygen ana lyze r  has  two 

I 

V. OPERATION OF WELDING CHAMBER AND ANALYTICAL SYSTEM 

A. I n l e t  Helium Supply and P u r i f i c a t i o n  Tra in  

l Qui te  e a r l y  i n  t h e  Potassium Corrosion T e s t  Loop Development Program, 
i t  w a s  found t h a t  c e r t a i n  commercially a v a i l a b l e  helium w a s  no t  of c o n s i s t e n t l y  
h igh  p u r i t y .  To guard a g a i n s t  t h e  p o s s i b i l i t y  of ob ta in ing  a h i g h l y  contami- 
na ted  c y l i n d e r ,  arrangements were made wi th  t h e  A i r  Reduction Company t o  have 
a t o t a l  of s i x t e e n  c y l i n d e r s  marked and reserved  f o r  exc lus ive  use  on this 
program. Proper p recau t ions  are taken here t o  avoid contamination of t h e s e  
c y l i n d e r s .  I n  a d d i t i o n ,  t h e  helium i s  s p e c i f i e d  t o  con ta in  maximum i m p u r i t i e s  
of 2 ppm 02  and 2 ppm H 2 0  as analyzed by t h e  A i r  Reduction Conpany a f t e r  
f i l l i n g .  The helium c y l i n d e r s  are  connected t o  an  &cy l inde r  manifold wi th  one 
bank of 4 c y l i n d e r s  i n  u s e  a t  one t i m e .  

I 

l 

This  helium, a l though of q u i t e  high p u r i t y ,  i s  f u r t h e r  p u r i f i e d  by pass ing  
through a molecular s i e v e  d rye r  and a t i t an ium furnace .  The d r y e r  c o n s i s t s  of 
a n  8-inch diameter s t a in l e s s  s teel  pipe, 4 f e e t  long, con ta in ing  60 pounds of 
Linde Type 1 3 X  molecular s i e v e .  The t i t an ium fu rnace  i s  a 4-inch d iameter  
Inconel  p i p e ,  54 inches  long, and conta ins  about 10  pounds of t i t a n i u m  tu rn ings .  
The helium supply s y s t e m  i s  of welded cons t ruc t ion  except f o r  t h e  manifold, 
p re s su re  r e g u l a t o r ,  p re s su re  r e l i e f  valve and t h e  i n l e t  va lve  t o  t h e  welding 
chamber. The d r y e r  o p e r a t e s  a t  room temperature and t h e  titarrium fu rnace  a t  
about 1450'F. Normal flow through t h e  p u r i f i c a t i o n  s y s t e m  i s  about 5 cfm so 
t h a t  t h e  welding chamber i s  f i l l e d  i n  approximately 10 minutes. 

I 

I Exce l l en t  helium p u r i t y  has been obtained from t h i s  sys t em.  The e l e c t r o -  
l y t i c  hygrometer has  c o n s i s t e n t l y  shown water vapor concen t r a t ion  of about 
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F i g u r e  14 .  Beckman E l e c t r o l y t i c  Hygrometer and Oxygen Trace Analyzer  for 
Monitor ing Water and Oxygen Content  i n  Helium. 
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0.05 ppm. Oxygen con ten t ,  as measured by t h e  t r a c e  oxygen ana lyze r ,  has  been 
about 0.6 ppm. Th i s  i n d i c a t e s  apprec i ab le  r educ t ion  i n  rnoisture and oxygen 
con ten t  from t h e  as-received l e v e l  as shown i n  t h e  fo l lowing  t a b l e .  

TABLE I V  

TYPICAL OXYGEN AND WATER VAPOR COhTENT OF 

HELIUM BEFORE AND AFTER PURIFICATION 

A s -  Received" A f t e r  P u r i f i c a t i o n  

O2 H2° O2 H2° 

" 
Obtained from A i r  Reduction Company t o  a s p e c i f i c a t i o n  
r e q u i r i n g  less than 2 ppm 0 2 and l e s s  t han  2 ppm H 2 0  

A n a l y s i s  of t h e  p u r i f i e d  helium with t h e  mass spec t rometer  shows 
t y p i c a l l y  2 ppm N2 and 2 ppm H2. 
de t ec t ed .  

N o  o t h e r  a c t i v e  i m p u r i t i e s  have been 

B. Welding Chamber and F i l l i n g  Procedure 

The welding chamber i s  3 f e e t  i n  d iameter  and 6 f e e t  long and i s  of 
s t a i n l e s s  steel ,  double-walled cons t ruc t ion .  F u l l  opening doors are provided 
a t  each end of t h e  chamber. A l l  vacuum seals are made wi th  aeoprene O-rings. 
For welding very l a r g e  assemblies,  an &foo t  diameter ex tens ion  chamber i s  
a l s o  used. The chamber i s  evacuated with a 10-inch o i l  d i f f u s i o n  pump backed 
by a 290 cfm Roots Blower and a 100 cfm mechanical pump. The d i f f u s i o n  pump 
i s  equipped w i t h  a l i q u i d  n i t rogen  cooled b a f f l e .  The lowest p re s su re  t h a t  
h a s  been obta ined  i n  t h e  chamber i s  about 5 x t o r r .  The chamber c o n t a i n s  
seven g love  p o r t s .  Each p o r t  i s  equipped wi th  a "Keo-Sol" s u l f u r - f r e e  d r y  
box g love  (Charleston Rubber Co.). A s  s t a t e d  by t h e  manufacturer,  t h e  water 
vapor permeabi l i ty  of t h e s e  gloves i s  less than  1.5 g r a m  pe r  day pe r  squa re  
meter by test ASTM E-96-53T Method B.. Before use  i n  welding, t h e s e  g loves  
are  t r e a t e d  by hea t ing  a t  about 120°F f o r  15 hours under vacuum. 

F i g u r e  15 i s  a photograph of t he  mass spec t rometer  and i t s  a s s o c i a t e d  
sampling system. The welding chamber at?d helium supply are v i s i b l e  i n  t h e  
background. 

The procedure t h a t  i s  used i n  f i l l i n g  t h e  chamber i s  def ined  i n  t h e  spec i -  
f i c a t i o n  for welding of columbium-l% zirconium a l l o y  by t h e  i n e r t - g a s  tungs t en  
arc  process .  This  s p e c i f i c a t i o n  i s  i d e n t i f i e d  as SPPS 03-0005-00-A, da t ed  24 
September 1963. The chamber i s  f i r s t  evacuated t o  less than  1 x t o r r  and 
t h e  p r e s s u r e  rise rate, wi th  t h e  pumps valved o f f ,  i s  measured wi th  t h e  
i o n i z a t i o n  gauge. Th i s  ra te  must be less than  5 microns p e r  hour, accord ing  
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t o  t h e  s p e c i f i c a t i o n ,  and a p res su re  inc rease  of about 3 microns pe r  hour 
i s  f r e q u e n t l y  obta ined .  The chamber i s  then  f i l l e d  wi th  helium from t h e  
p u r i f i c a t i o n  t r a i n  w h i l e  a po r t ion  of the  flow i s  analyzed by t h e  Beckman 
e l e c t r o l y t i c  hygrometer and Trace Oxygen Analyzer. A s  mentioned above, the  
measured p u r i t y  i s  t y p i c a l l y  0.05 ppm water vapor and 0.6 ppm oxygen. The 
s p e c i f i c a t i o n  r e q u i r e s  t h a t  t h e  helium con ta in  less than  1 ppm a c t i v e  
i m p u r i t i e s .  A sample of the  h e l i u m  i s  then  withdrawn from the chamber and 
analyzed wi th  the  mass spectrometer .  Generally,  t h i s  a n a l y s i s  shows about 
2 ppm N2 and 2 ppm H2. 
l i m i t s  o f  t h e  system, est imated t o  be about 2 ppm. 

A l l  o t h e r  active i m p u r i t i e s  are below the  d e t e c t i o n  

-5  
The chamber i s  then re-evacuated t o  less than  1 x 10 t o r r  and r e f i l l e d  

w i t h  helium. The gas  wi th in  t h e  chamber i s  aga in  analyzed w i t h  t he  mass 
spectrometer ,  t h e  sample flow through the  e l e c t r o l y t i c  hygrometer i s  s t a r t e d  
and t h e  mois ture  conten t  i n  the  chamber i s  measured. A s  a f u r t h e r  check 
on chamber p u r i t y ,  t he  welding s p e c i f i c a t i o n  r e q u i r e s  t ha t ,  before  welding 
the columbium p a r t s ,  f u s i o n  beads be made on  a t i t an ium bar. If t he  t i t an ium 
bar shows any' d i s c o l o r a t i o n ,  t h e  atmosphere i s  considered u n s u i t a b l e  f o r  
welding columbium a l l o y s .  

I n  add i t ion ,  t h e  welding s p e c i f i c a t i o n  r equ i r e s  t h a t ,  p r i o r  t o  welding 
t h e  f i r s t  p i ece  and subsequent t o  the  las t  p i e c e  welded i n  each i n e r t  gas  
environment, weld bend specimens be prepared us ing  the same f i l l e r  w i r e  
material  used t o  weld  t he  in t e rven ing  p ieces .  The specimens are r e t a ined  
f o r  subsequent chemical a n a l y s i s  should an i n v e s t i g a t i o n  of welding contami- 
n a t i o n  be des i r ed .  

Also requi red  by t h e  welding s p e c i f i c a t i o n ,  i s  a chamber q u a l i f i c a t i o n  
test  which i s  performed p r i o r  t o  any columbium welding i n  t h e  chamber and a t  
approximately 3-month i n t e r v a l s  throughout t h e  Potassium Corrosion T e s t  
Loop Development Program. I n  o r d e r  t o  q u a l i f y  t h e  chamber, butt-welded 
j o i n t s  are  prepared w i t h  t h e  chamber being f i l l e d  according t o  t he  s p e c i f i -  
c a t i o n .  T h e  we ld  samples are subjected t o  bend tests and chemical ana lyses .  
T h e  ana lyses  of t he  weld metal  a r e  compared t o  t ha t  of t h e  parent  metal and 
must demonstrate  t h a t  t h e  welding environment i s  such t h a t  contaminat ion does 
n o t  exceed t h e  fol lowing l i m i t s :  i nc rease  i n  oxygen content  - less than  50 
ppm; i n c r e a s e  i n  n i t rogen  conten t  - l e s s  than  50 ppm; i n c r e a s e  i n  hydrogen 
con ten t  - less than 5 ppm; inc rease  i n  carbon con ten t  - less than  10  ppm. 

I n  s p i t e  of  t h e  r a t h e r  e l a b o r a t e  procedure requi red  by t h e  p resen t  
welding s p e c i f i c a t i o n  t o  maintain a high p u r i t y  welding environment, 
contaminat ion of t he  chamber has  occurred on a number of occasions.  I n  
every case, t h e  contamination w a s  de tec ted  by a n a l y s i s  of the helium wi th in  
t h e  chamber, t h e  source  of the contamination was loca ted ,  and the leakage 
was remedied be fo re  welding proceeded. 

Seve ra l  i n s t a n c e s  of chamber contamination may be of i n t e r e s t .  I n  one 
case, the  f l a n g e  on t h e  l a r g e  extension chamber had not  been proper ly  
t i g h t e n e d  and a i r  leakage occurred during f i l l i n g  when t h e  chamber p re s su re  
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was n e a r  ambient pressure .  The f l a n g e  d id  not  leak  under vacuum s i n c e  t h e  
f o r c e  of atmospheric pressure  kept  t h e  f l a n g e  c losed .  I n  t h i s  c a s e  t h e  
chamber w a s  h ighly  contaminated and the mass spectrometer  showed about 1% 
a i r  i n  t h e  chamber. 
showed marked d i s c o l o r a t i o n .  

In  add i t ion ,  t h e  fus ion  bead on t h e  t i t an ium ba r  

Another ins tance  of contamination de tec t ed  by chamber a n a l y s i s  occurred 
from leakage of t h e  stem seal on t h e  helium i n l e t  va lve  t o  t h e  chamber. 
Th i s  va lve  w a s  l eak ing  only i n  t h e  open p o s i t i o n  and thus  showed no leakage 
under vacuum. I n  t h i s  instance, t h e  mass spectrometer  showed about 100 ppm 
a i r  i n  t h e  chamber and t h e  fus ion  bead on t i t an ium showed no d i s c o l o r a t i o n .  
Th i s  f a u l t y  va lve  has  s i n c e  been replaced wi th  a so lenoid  ac tua ted  va lve  
which con ta ins  no motion seals. 

On one occasion,  a s l i g h t  l e a k  occurred i n  a connect ion i n  t h e  water 
coo l ing  l i n e  t o  t h e  to rch .  This  leakage was immediately de t ec t ed  on t h e  
e l e c t r o l y t i c  hygrometer as a rap id  r i s e  i n  t h e  moisture  l e v e l  w i th in  t h e  
chamber. 

I n  s t i l l  another  case, a i r  contamination occurred through a p inhole  
l e a k  i n  a glove. This  leakage w a s  not  de t ec t ed  by t h e  vacuum checks s i n c e  
both s i d e s  of t h e  g loves  a r e  evacuated. 

Due t o  t h e s e  numerous and va r i ed  ways i n  which weld chamber contamination 
can occur ,  t h e  r o u t i n e  p r a c t i c e  of f requent  a n a l y s i s  of t h e  chamber gas  wi th  
t h e  m a s s  spectrometer  has  been adopted along wi th  t h e  cont inuous a n a l y s i s  
w i th  t h e  e l e c t r o l y t i c  hygrometer during welding. These ana lyses  are performed 
a f t e r  t h e  f i r s t  f i l l i n g  d t h e  chamber wi th  t h e  glove p o r t s  c losed ,  a f t e r  t h e  
second f i l l i n g  of t h e  chamber (before  welding) with t h e  glove p o r t s  open, and 
a g a i n  a f t e r  welding i s  completed. I f  welding extends over  an unusual ly  long 
per iod  of t i m e ,  a d d i t i o n a l  ana lyses  a r e  made dur ing  t h e  per iod.  

C .  Some Typical  Resul t s  of  Weld Chamber Analysis  

I n  o r d e r  t o  d i scuss  t y p i c a l  impur i t i e s  found i n  t h e  welding chamber, t h e  
per iod  from December 23, 1964 t o  June 6, 1965 has  been chosen. This  i s  t h e  
per iod  of t i m e  dur ing  which t h e  e l e c t r o l y t i c  hygrometer w a s  i n  u s e  on t h e  
welding chamber and a l s o  is  t h e  per iod dur ing  which most of t h e  welding on t h e  
Pro to type  Loop w a s  accomplished. During t h i s  t ime, t h e  chamber w a s  f i l l e d  and 
welding w a s  performed according t o  the  welding s p e c i f i c a t i o n  on 28 s e p a r a t e  
occas ions .  

Oxygen w a s  below t h e  d e t e c t i o n  l i m i t  of t h e  mass spectrometer  i n  most 
i n s t a n c e s ,  r ega rd le s s  of whether t h e  a n a l y s i s  w a s  performed immediately a f t e r  
f i l l i n g  t h e  chamber or a t  t h e  conclusion of welding. No p a r t i c u l a r  t r e n d  of 
i n c r e a s i n g  oxygen content  wi th  t i m e  was noted.  The maximum oxygen concentra-  
t i o n  found w a s  3 ppm. 
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Typica l ly ,  t h e  n i t rogen  content  found immediately a f t e r  f i l l i n g  t h e  
chamber w a s  2 ppm and on one occasion, 11 ppm w a s  de t ec t ed .  An i n c r e a s e  
i n  n i t rogen  of about 5 ppm w a s  genera l ly  observed during welding. The 
maximum increase found w a s  12 ppm and the  maximum n i t r o g e n  conten t  found 
a f t e r  welding w a s  16  ppm. Several  obvious sources  of n i t rogen  are leakage 
from the  atmosphere through t h e  seals and d i f f u s i o n  through t h e  gloves.  
Another poss ib l e  source i s  the  metal  being welded. For example, i f  w e  
assume t h a t  dur ing  a p a r t i c u l a r  welding per iod ,  1000 grams of metal are 
heated t o  a temperature  high enough s o  t h a t ,  on t h e  average,  t h e  n i t rogen  
conten t  of t h e  metal i s  reduced by 10  ppm by weight, then  t h e  r e s u l t i n g  
n i t rogen  increase i n  t h e  welding chamber would be about 6 ppm by volume. 

The water conten t  of t h e  gas  within t h e  chamber has been found t o  
depend on t h e  t i m e  s i n c e  f i l l i n g  the  chamber, t h e  type  of welding performed, 
and t h e  previous t rea tment  of t h e  chamber. Upon i n i t i a l l y  f i l l i n g  t h e  
chamber t h e  moisture  conten t  i s  c o n s i s t e n t l y  w e l l  below t h e  1 ppm l e v e l  
and w i l l  remain near  1 ppm f o r  a period of about  an hour i f  no hea t  i s  
appl ied  t o  t h e  chamber and no welding performed. Af t e r  t h i s  i n i t i a l  per iod,  
a more r ap id  increase i n  mois ture  i s  observed. This  i n c r e a s e  i s  most s eve re  
i f  heavy p a r t s  are being welded. 

F igure  16 shows t h e  change i n  moisture conten t  wi th  t i m e  dur ing  t y p i c a l  
welding ope ra t ions .  I t  may be noted t h a t  t h e  ra te  of moisture  i n c r e a s e  w a s  
most r ap id  dur ing  welding and more gradual dur ing  per iods  of no welding. 
This  r ap id  i n c r e a s e  i n  moisture  during welding i s  a t t r i b u t e d  t o  desorp t ion  
of water from t h e  p a r t s  being welded, from t h e  f i x t u r i n g ,  or from t h e  chamber 
w a l l s .  A d r a s t i c  i nc rease  i n  moisture  conten t  i s  obta ined  i f  t h e  chamber i s  
heated by ho t  water  f low through t h e  jacke t .  

An overn ight  "bakeout" of t h e  chamber wi th  hot  water while  t h e  chamber 
i s  maintained under vacuum r e s u l t s  i n  a decrease  i n  t h e  q u a n t i t y  of mois ture  
observed upon subsequent f i l l i n g  of t h e  chamber. I t  has  a l s o  been observed 
t h a t  a l o w  p re s su re  r i se  ra te  under vacuum i s  as soc ia t ed  wi th  lower moisture  
con ten t  when t h e  chamber i s  subsequently f i l l e d  wi th  helium. 

These observa t ions  i n d i c a t e  t h a t  t h e r e  are  both sources  and s i n k s  f o r  
water vapor w i t h i n  t h e  chamber and tha t  t h e  net change i n  moisture  conten t  
depends on which process  predominates, I t  a l s o  would appear  t h a t  d i f f u s i o n  
of mois ture  through t h e  gloves i s  not  t h e  primary source  of water vapor 
w i t h i n  t h e  chamber. The behavior of  the moisture  conten t  w i th in  t h e  welding 
chamber and t h e  t e n t a t i v e  conclus ion  reached he re  are q u i t e  s ini lar  t o  
r e s u l t s  ob ta ined  i n  t h e  s tudy conducted a t  t h e  Westinghouse Astronuclear  
Laboratory ( 2 ) .  

Hydrogen has been found t o  be t y p i c a l l y  about 2 ppm immediately a f t e r  
f i l l i n g  t h e  chamber, and hydrocarbons a r e  not  de t ec t ed  (probably less than  
2 ppm). The h ighes t  hydrogen found a f t e r  f i l l i n g  t h e  chamber w a s  10  ppm. 
An i n c r e a s e  t o  about 1 2  ppm w a s  genera l ly  observed dur ing  welding. However, 
on s e v e r a l  ocass ions ,  much h igher  hydrogen i n c r e a s e s  were measured, t h e  
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maximum being 46 ppm. 
hydrocarbon peaks occurred i n  the mass spectrum. These peaks are due t o  
methane (16 AMU), CH3 (15 AMU), and CH (13 AMU) and i n  some cases, t h e  
hydrocarbon peaks appeared a t  27, 29 and 30 AMU. The h igh  hydrogen and 
hydrocarbon peaks u s u a l l y  occurred under t he  same cond i t ions  f o r  which t h e  
water vapor conten t  was h igh;  tha t  i s ,  a f t e r  prolonged per iods  of welding 
o r  when unusual ly  heavy p i eces  are  being welded. A p o s s i b l e  source  of t h e s e  
l i g h t  hydrocarbons i s  thermal decomposition of r e s i d u a l  pump o i l  wi th in  
t h e  chamber o r  decomposition of t he  neoprene gloves.  The p o s s i b i l i t y  i s  
n o t  discounted t h a t  t h e  h igh  hydrogen content  i s  u l t i m a t e l y  r e spons ib l e  
f o r  t h e  hydrocarbons through some s o r t  of chemical r e a c t i o n s .  The hydrogen 
i s  most l i k e l y  evolved from t h e  metal su r faces  which are heated due t o  t h e i r  
proximity t o  t h e  arc. 

I n  each case  of unusual ly  high hydrogen con ten t ,  

Hydrogen contamination, a t  t he  l e v e l s  mentioned above, i s  not  expected 
t o  cause apprec i ab le  i n c r e a s e  i n  t h e  hydrogen content  of the  weld. I n  a 
s e p a r a t e  s tudy conducted here (31,  seve ra l  butt-welded samples of columbium 
a l l o y  D-43, 0.040-inch th i ck ,  were prepared i n  a helium atmosphere conta in ing  
1% hydrogen which had been d e l i b e r a t e l y  added t o  the chamber. Even a t  t h i s  
r e l a t i v e l y  h igh  hydrogen l e v e l ,  t h e  hydrogen content  of t h e  weld metal 
increased  only 6 ppm (by weight).  

V I .  WELD CONTAMINATION STUDY ON Cb-1Zr 

A f t e r  s u f f i c i e n t  experience had been obta ined  t o  determine t h e  re l ia-  
b i l i t y  and s e n s i t i v i t y  of t h e  ana lyses  and t o  determine what l e v e l  of p u r i t y  
could be maintained wi th in  the chamber, a s tudy of t h e  r e l a t i o n  between 
gaseous impur i ty  l e v e l s  and weld metal pickup f o r  C b - 1 Z r  welds w a s  under- 
taken.  I t  should be pointed out  t h a t  a number of f a c t o r s  o t h e r  than  gaseous 
i m p u r i t i e s  i n  t he  chamber could a f f e c t  the  apparent  change i n  w e l d  metal  
p u r i t y  and these extraneous e f f e c t s  should be e l imina ted  as f a r  as poss ib l e .  
Thus f o r  each series of welds,  t h e  th ickness  of the  weld specimen, f i x t u r i n g ,  
c u r r e n t  vo l tage ,  welding speed, prepara t ion  of weld specimens f o r  a n a l s i s ,  
and t h e  a n a l y t i c a l  procedure were t h e  same f o r  each specimen. 

Various q u a n t i t i e s  of a i r  were introduced t o  t he  chamber, a f t e r  i n i t i a l l y  
f i l l i n g  t h e  chamber w i t h  pure  helium. The a i r  w a s  added from a 100 cc, o i l  
f i l l e d  gas  b u r e t t e .  The b u r e t t e  was i n i t i a l l y  charged w i t h  room a i r  drawn 
through a drying tower t o  remove moisture.  I n  one t e s t ,  ana lyses  of t he  chamber 
were made a f t e r  a l lowing one-half hour and one hour f o r  mixing of t h e  a i r  wi th  
helium. Z.2 d i f f e r e n c e  i n  t h e  analyses  w a s  de t ec t ed  and so about one hour was 
allowed f o r  homogenization between adding the  a i r  and making t h e  test welds. 
The sample l i n e s  f o r  t h e  mass spectrometer and the  e l e c t r o l y t i c  hygrometer w e r e  
extended wi th in  t h e  chamber t o  a point about 13 inches  from t h e  to rch .  The 
chamber w a s  i n i t i a l l y  f i l l e d  w i t h  helium by the procedure def ined  i n  the 
welding s p e c i f i c a t i o n .  The geometrical  volume of the  chamber w a s  es t imated  
t o  be 46.9 cubic  f e e t  so t h a t  1.33 c c  i s  equal  t o  one ppm by volume. 
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The q u a n t i t y  of moisture  i n  t h e  chamber w a s  va r i ed  a t  t h e  low l e v e l s  
simply by al lowing s u f f i c i e n t  t i m e  f o r  t h e  spontaneous mois ture  i n c r e a s e  t o  
occur .  To o b t a i n  t h e  h igher  moisture  l e v e l s ,  ho t  water w a s  passed through 
t h e  chamber j a c k e t  t o  accelerate the  process.  

The major i ty  of t h e  test  welds were made on 0.062-inch t h i c k  s h e e t ,  
approximately one inch  wide and two inches long.  T h i s  shee t  has been cold- 
r o l l e d  from t h e  0.125-inch t h i c k  as-received material. Severa l  tests were 
a l s o  conducted on t h e  0.125-inch shee t .  A l l  w e l d  specimens were p ick led  
be fo re  welding i n  an HF-"03 ac id  s o l u t i o n  a s  def ined i n  t h e  s p e c i f i c a t i o n  
03-0010-00-B. A l l  welding was done au tomat ica l ly  a t  2 inches  p e r  minute. 
Th i s  r a t h e r  slow speed w a s  s e l e c t e d  t o  be r e p r e s e n t a t i v e  of t h e  manual welds 
which are f r equen t ly  made i n  t h e  chamber. Welding c u r r e n t  and vol tage  were 
95 amperes and 19 v o l t s  f o r  t h e  0.062-inch shee t ,  and 160 amperes and 
19  v o l t s  f o r  t h e  0.125-inch s h e e t .  
wide, was c u t  from each specimen and submitted f o r  a n a l y s i s .  No s u r f a c e  
material was removed from t h e  specimens a f t e r  welding, t h e  samples being only 
degreased i n  e t h e r  p r i o r  t o  t h e  ana lyses .  The two 0.125-inch t h i c k  weld 
specimens were bend t e s t e d  through 105 degrees  over  a 1 T  r ad ius  a t  room 
temperature  w i t h  no evidence of cracking.  Bends were made perpendicular  t o  
t h e  weld a x i s  t o  i n s u r e  bending of parent  metal, weld, and heat affected 
zone. The bend ra te  was 0.44 inch  per  minute, and t h e  weld roo t  w a s  i n  
t ens ion .  

The f u s i o n  zone, approximately 0.25 inch  

Analyses by t h e  vacuum f u s i o n  method were made on each sample a long  w i t h  
d u p l i c a t e  ana lyses  on the  c o n t r o l  (unwelded) samples. Analyses f o r  n i t rogen  
by t h e  Kje ldahl  method were a l s o  made on t h e  samples welded w i t h  a i r  contami- 
n a t i o n  and on t h e  c o n t r o l  samples,  

The r e s u l t s  of the weld contamination s tudy are summarized i n  Table  V. 
The d i f f e r e n c e  i n  oxygen between t h e  unwelded 0.062-inch specimen and t h e  
unwelded 0.125-inch specimen i s  apparent ly  due t o  inhomogeneity i n  t h e  mate- 
r i a l  taken from remote p a r t s  of t h e  same sheet s i n c e  the  oxygen content  of 
t h e  unwelded 0.062-inch specimen i s  i n  e x c e l l e n t  agreement wi th  the  as-received 
(G.E.) a n a l y s i s  w h i l e  the unwelded 0.125-inch specimen i s  cons iderably  lower 
(by about 130 ppm) than  the  as-received a n a l y s i s .  

The da t a  i n  Table  V show t h a t  f o r  t h e  h ighes t  a i r  contamination l e v e l  i n  
t h e  helium (109 ppm), t h e  0,062-inch sheet had an oxygen i n c r e a s e  of 19 ppm 
dur ing  t h e  welding and the maximum oxygen i n c r e a s e  of 29 ppm occurred w i t h  
t h e  specimen welded i n  21 ppm a i r .  The 0.125-inch specimen welded i n  helium 
contaminated wi th  109 ppm a i r  i nd ica t ed  an oxygen i n c r e a s e  of 35 ppm. There 
i s  no p a r t i c u l a r  t rend  of i nc reas ing  oxygen i n  t h e  weld metal wi th  inc reas ing  
oxygen contaminat ion i n  t h e  chamber up to  109 ppm. I n  view of t h e  unce r t a in ty  
involved i n  the l o c a l  homogeneity of the specimens, there i s  some doubt as t o  
whether or not  t h e r e  i s  a real inc rease  a t  a l l ,  

Table V shows a l s o  an i n t e r e s t i n g  comparison between the  vacuum fus ion  
r e s u l t s  f o r  n i t rogen  and t h e  corresponding Kje ldahl  r e s u l t s .  A s  might be 
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TABLE V 

RESULTS OF WELD CONTAMINATION STUDY ON Cb-1Zr 

Weld Metal & Control 
Nominal Specimen Analysis,  W t ,  ppm 
Contam. A i r  Added Chamber Analysis, Vol,  ppm Vacuum Fusion Kjeldahl 
vol.  ppm Vol, ppm 02 N2 H2 H20 O H N  N 

0,062-Inch Sheet 

Cor 6 a.o 1 Not Welded 227 2 92 185 
232 2 91 

0 A i 2  0 (2 ( 2  2 2 .8  247 2 106 118 
10  A i r  12.0 5 15 <2 9 . 0  255 1 105 152 
20 A i r  2 1 , l  5 20 6 13.3 258 2 103 85 
30 A i r  31,6 7 21 <2  3..0 242 1 103 107 
50 A i r  52.0 10 37 (2 7 . 6  232 <1 96 110 
70 A i r  72 ,6  17 60 2 13'2 239 3 110 91 

100 A i r  108,5 21 68 5 18.3 248 (1 108 146 

<2 <2 5.3 238 1 100 --- 5 H 2 0  0 (2 
10 H20 0 <2 (2 (2 10.0 232 <1 82 --- 
20 H 2 0  0 <2 2 3 20.1 249 1 106 --- 
30 H 2 0  0 <2 2 2 30.2 247 2 97 
50 H 2 0  0 <2 6 10 51.7 254 1 75 

--- 
--- 

0.125-Inch Sheet 

Control Not Welded 102 (1 55 72 
117 4 54 

100 A i r  108.5 21 68 5 21.0 144 2 73 100 

50 H 2 0  0 <2 6 1 0  55.1 122 3 59 --- 

MCN 415-1 Vendor A n a l y s i s  170 2..7 80 

MCN 415-1 As-Received - G . E .  A n a l y s i s  243 <1 74 
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expected, t h e  Kjeldahl  r e s u l t s  are higher  i n  most cases than  t h e  vacuum 
f u s i o n  ana lyses .  T h i s  i s  due t o  t h e  f a c t  t h a t  n i t rogen  may be picked up 
dur ing  t h e  sample prepara t ion  and d i s s o l u t i o n  procedure f o r  the  Kje ldahl  
a n a l y s i s ,  w h i l e  f o r  t h e  vacuum fus ion  ana lyses ,  low va lues  may occur  due t o  
imcomplete release of n i t rogen  during the  fus ion  process .  I t  may a l s o  be 
noted t h a t  the vacuum fus ion  r e s u l t s  are more c o n s i s t e n t  than t h e  Kjeldahl  
va lues .  

V I I .  WELD CONTAMINATION STUDY ON T-111 

A s i m i l a r  weld Contamination study has  been made on T-111, t h e  a l l o y  
s e l e c t e d  f o r  u s e  i n  f a b r i c a t i o n  of a n  advanced r e f r a c t o r y  a l l o y  co r ros ion  
loop  under Contract  NAS 3-6474. This  is  a tantalum base a l l o y  with nominally 
2% hafnium and 8% tungsten.  The methods of a d d i t i o n  of contaminants and 
gene ra l  a n a l y t i c a l  techniques employed were the same as  f o r  t h e  Cb-1Zr study 
descr ibed  above. 

A t o t a l  of 27 tes t  welds were made a t  nominal contamination l e v e l s  of 
0, 10, 20, 50, 100 and 200 ppm a i r  and 10, 20 and 50 ppm water  vapor.  Welds 
were made on sheet of 3 th i cknesses ;  0.040, 0.080 and 0.160 inch.  Chemical 
ana lyses  were obtained f o r  0, N and H by t h e  vacuum f u s i o n  method and carbon 
w a s  determined conduct imet r ica l ly .  Weld metal ana lyses  were made on only 
the  0.040 and 0.160-inch t h i c k  specimens and i n  add i t ion ,  unwelded c o n t r o l  
specimens of t h e  0.040 and 0.160-inch t h i c k  material were analyzed. 

A l l  0.080-inch t h i c k  weld specimens were bend tested through 105 degrees  
over  a 1.2T rad ius  a t  room temperature w i t h  no evidence of cracking.  Bends 
w e r e  made perpendicular  t o  the weld ax is  t o  i n s u r e  bending of parent  metal, 
weld, and heat a f f ec t ed  zone. The bend rate was 0.44 inch  p e r  minute, and 
t h e  weld roo t  w a s  i n  tens ion .  

Weld specimens were prepared from the  same hea t  of material and were 
p i ck led  i n  a HF-HN03-H2S04 s o l u t i o n  before  welding. No su r face  material was 
removed a f t e r  welding. Approximate welding cond i t ions  were: f o r  0,040-inch 
s h e e t ,  110 amps, 17 v o l t s ;  f o r  0.080-inch sheet, 185 amps, 19 v o l t s ;  f o r  0,160- 
inch  sheet, 270 amps, 21 v o l t s .  Welding w a s  done au tomat ica l ly  a t  2 inches  
p e r  minute.  

The r e s u l t s  of t h e  T-111 weld contamination s tudy  are summarized i n  
Table  V I .  A s  may be seen  from these da ta ,  reasonably good agreement between 
t h e  mass spec t romet r ic  a n a l y s i s  f o r  0 2  and N2 and the  q u a n t i t y  of a i r  added 
has  a g a i n  been obtained except f o r  t h e  w e l d s  made a t  t h e  h ighes t  a i r  contami- 
n a t i o n  l e v e l .  A s  i n  t h e  c a s e  of t h e  Cb-1Zr  s tudy,  some inhomogeneity i n  t h e  
m a t e r i a l  i s  evidenced by the  d i f f e rence  i n  oxygen content  of t he  unwelded 
t h i n  sheet compared to  the  unwelded 0.160-inch t h i c k  specimens. 

There i s  s l i g h t  evidence of i nc reas ing  n i t rogen  conten t  wi th  inc reas ing  
a i r  contaminat ion l e v e l  i n  t h e  case of t h e  welds i n  t h e  0.160-inch shee t .  
However, t he  o v e r a l l  i nc rease  a t  t h e  h ighes t  contamination l e v e l  (178 ppm a i r )  
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TABLE V I  

RESULTS OF WELD CONTAMINATION STUDY ON T-111 

Nominal 
Contam. A i r  Added Chamber Analysis,  Vol. ppm 
V o l .  ppm Vol. ppm 02 N2 H2 H20 

Control  

0.040-Inch Sheet 

Not Welded 

0 A i r  0 ( 2  
1 0  A i r  11.8 (2 
20 A i r  21.7 4 
50 A i r  51.2 8 

100 A i r  101.0 23 
200 A i r  177.6 23 

1 0  H 2 0  0 (2 
20 H 2 0  0 (2 
50 H 2 0  0 <2 

<2 <2 1 .5  
12 6 3.0 
14 <2 9.9 
35 7 17.4 
78 <2 9.5 

2 00 4 19.0 

<2 (2 10 ,4  
2 11 20.1 

<2 18 52.3 

0.160-Inch Sheet 

Control  

0 A i r  0 <2 
1 0  A i r  11.8 <2 
20 A i r  21.7 4 
50 A i r  51.2 8 

100 A i r  101.0 23 
200 A i r  177.6 23 

1 0  H 2 0  0 < 2  
20 H 2 0  0 <2 
50 H 2 0  0 <2 

Not Welded 

< 2  <2 0 , 9  
12 6 4.5 
14 < 2  12.0 
35 7 19.4 
78 (2 12.0 

200 4 21.0 

<2 (2 14.5 
2 11 22.0 

< 2  18 54.4 

Weld Metal & Control  
Specimen Analysis ,  W t .  ppm 

0 I4 N C 

16  <1 23 5 

19  <1 23 14  
16 1 21 4 
17 0 24 7 
12 <1 14 1 0  
25 1 28 19  
20 1 15  18 

28 1 24 17 
1 5  1 16  14 
26 1 17 1 0  

40 1 13 18 

34 2 17 24 
35 3 22 17 
39 3 23 16 
33 12 24 15  
35 2 29 18 
34 2 28 1 5  

29 2 23 18 
24 2 21 17 
33 2 21 19 

Vendor A n a l y s i s  NRC Heat No. 2511 37 15 29 
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is only 16 ppm nitrogen. There is also an indication that the hydrogen 
content of the thick specimens is slightly greater than that of the thin 
specimens. An apparent hydrogen increase was obtained in the 0.160-inch 
thick specimens at the 50 ppm air level; however, no explanation for this 
increase is obvious and it is not consistent with the other data. The 
apparent variations in carbon content are not considered significant due to 
the uncertainties in the carbon analyses at these very low levels. With the 
uncertainty involved in the local homogeneity of the specimens and possible 
variations in the chemical analyses, it is doubtful as to whether o r  not 
there was any real increase in the interstitial element concentration of the 
welded specimens. 

The 0.080-inch thick weld specimens made in pure helium and at the 
highest contamination levels, 200 ppm air and 50 ppm water vapor, were 
examined metallographically. These weld microstructures and that of the 
parent metal are shown in Figure 17. No increase in the quantity of pre- 
cipitating phases was noted at these highest levels of contamination 
investigated . 

The results of the weld contamination study on T-111 thus indicate 
that contamination of the weld, if any occurs at all, is not readily detect- 
able by vacuum fusion analyses, by room temperature bend tests, or by 
metallographic examination of specimens welded in helium containing up to 
200 ppm air o r  50 ppm water vapor. Similar results were obtained in the 
study of the Cb-1Zr alloy although metallographic examination was not 
performed. 

It is pertinent to note that Sinclair (4) has recently reported an 
investigation of the contamination and bend ductility of selected refractory 
metal weldments. Alloys investigated were Cb-lZr, Cb-752, FS-85, B-33, D-43 
and T-111. Specimens of the six alloys were TIG welded using clean laboratory 
conditions and all withstood bend testing (1T at room temperature) in the 
as-welded condition without cracking. 
argon with 2 to 4 ppm 02 and 17 to 19 ppm H2O. Similar specimens of the six 
alloys were also welded under "field" conditions, i.e., in argon containing 
95 to 100 ppm 02. The Cb-752, B-33, FS-85 and D-43 specimens welded in this 
environment cracked at bend angles of 35 degrees o r  less, while Cb-1Zr and 
T-111 specimens showed cracks under microscopic examination (30X) after 90- 
degree bends. Oxygen analyses of the weld specimens showed a small, but 
consistent increase in oxygen content of the alloys welded in argon with 100 
ppm 02 as compared to the alloys welded under clean laboratory conditions. 
This increase ranged from 50 to 90 ppm oxygen in the six alloys. Nitrogen 
was not monitored in the welding atmosphere and the nitrogen content of the 
field welded specimens was not reported. However, if one assumes that the 
oxygen resulted from air leakage, then the corresponding nitrogen content of 
the argon would be about 400 ppm, and nitrogen contamination of the welds 
also could have been a contributing factor in the decreased weld ductility. 

The "clean" welding was done in 

Incorporating the results of the presently reported study with those 
of Sinclair (4) summarized above, one might cautiously conclude that at 
some contamination level between roughly 200 and 500 ppm air, sufficient 
Contamination of the weld occurs to be readily detectable by vacuum fusion 
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Parent Metal Pure Helium 
(<2 0 2 y  < 2  N2y <2 H2y 0.9 H20) 

50 ppm Water Vapor Nominal 200 ppm Air Nominal 
(23 OZy 200 N2, 4 H2’ 20 H 2 0 )  ( < 2  02,  < 2  N2, 18 H2’ 53 H20) 

Figure 17. Microstructures of 0.080-Inch Thick T-111 Alloy Parent 
Metal and Weldments Made in Pure and Contaminated 
Helium Welding Environments. 

Etchant: 
Mag: 150X 

30 HC1 - 30 HF - 15 HN03 - 25 H 2 0  
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analytical methods and to appreciably affect the as-welded ductility of 
both Cb-1Zr and T-111 at room temperature. This information, of course, 
should not be used to conclude that such a high level of welding environ- 
ment contamination is acceptable for general applications; it merely 
identifies a range of contamination which corresponds to the onset of readily 
observable changes in chemical composition and room temperature ductility 
of two of the more weldable refractory alloys. 

VIII. SUMMARY AND CONCLUSIONS 

A relatively simple mass spectrometer system has been assembled and 
used to measure the concentrations of 02, N2 and H2 impurities in a vacuum 
purged, inert gas welding chamber. Qualitative analyses of other impurities 
are obtained by interpretation of the mass spectra. It has been found that 
calibration against pure gas pressures within the analysis system leads to 
erroneous results, especially for 02 and H2. Calibration of the system has 
thus been performed against helium of known impurity content. The detection 
limits of the mass spectrometer system have been found to be between 1 and 2 
ppm for 02, N2 and H2. 

Although the mass spectrometer system appears to be adequate for the 
present purposes, there are several modifications which could be made to 
improve the sensitivity and stability of the system. The use of eleCtr0- 
magnetic scanning rather than electrostatic, should result in increased 
sensitivity to oxygen due to the higher accelerating voltage at which oxyge 
would be focused. In addition, hydrogen would be focused at a much lower 
accelerating voltage than is necessary with the permanent magnet, and thus 
the difficulties with hydrogen analyses should be reduced considerably. 
Other probable advantages would be lack of serious mass discrimination, 
greater ion current stability, and increased resolution at the higher mass 
numbers. 

Modification of the sample inlet system so that the sample is intro- 
duced directly into the ion source region should decrease the loss of the 
more active impurities by adsorption on the walls of the system. Such a 
modification would now be convenient with the presently available spectrom- 
eter tubes having an exposed ion source. 

Other changes could be made to increase the sensitivity and accuracy 
of the system. These might include a molecular leak sample inlet and 
differential pumping in the spectrometer tube. Such features are normally 
supplied on the commercially available analytical type mass spectrometers. 
Their use on the present system would, however, considerably increase its 
compl exit y . 

1 

An electrolytic hygrometer system has been designed and constructed 
specifically for use on the welding chamber. During welding, a continuous 
record is made of chamber moisture content. 
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Spec ia l  helium having both moisture and oxygen con ten t  less than  2 ppm 
i s  used t o  f i l l  t h e  welding chamber. This i s  f u r t h e r  p u r i f i e d  by use  of a 
molecular s i e v e  d rye r  and t i t an ium furnace .  Typica l  p u r i t y  from t h e  p u r i f i -  
c a t i o n  t r a i n  i s  0 .6  ppm 02 and 0.05 ppm H 2 0  a s  measured by a commercially 
a v a i l a b l e  t r a c e  oxygen ana lyze r  and e l e c t r o l y t i c  hygrometer. 

Analyses of t h e  chamber gas  immediately a f t e r  f i l l i n g  with pure helium 
show t y p i c a l l y  less than  2 ppm 02,  2 ppm N 2 ,  2 ppm H2,  and less than  1 ppm 
H 2 0 .  Examination of mass s p e c t r a  between 2 and 44 AMU shows no i n d i c a t i o n  
of o t h e r  a c t i v e  i m p u r i t i e s  i n  t h e  i n l e t  helium a t  concen t r a t ion  g r e a t e r  than  
2 ppm, which i s  es t imated  t o  be t h e  d e t e c t i o n  l i m i t  o f  t h e  mass spec t rometer .  
During t h e  course  of welding, a s l i g h t  i n c r e a s e  i n  02 and N2 occurs .  
Inc reases  i n  H 2  and H 2 0  a r e  g r e a t e r  and depend on t h e  type  of welding per- 
formed, t h e  l e n g t h  of t i m e  s i n c e  f i l l i n g  t h e  chamber and t h e  prev ious  t r e a t -  
ment of t h e  chamber. Typical va lues  found a f t e r  welding a r e  12  ppm H 2  and 
13 ppm H 2 0 .  
chamber, e s p e c i a l l y  when heavy p a r t s  a r e  welded. On s e v e r a l  occas ions ,  g r o s s  
contamination of t h e  welding chamber was d e t e c t e d  through ana lyses  of t h e  
chamber gas  and welding i n  such impure helium was thus  prevented. 

Some l i g h t  hydrocarbons a r e  appa ren t ly  produced wi th in  t h e  

A s tudy  has  been made of t h e  contamination of Cb-1Zr welds i n  helium t o  
which known q u a n t i t i e s  of a i r  a s  h igh  as 108 ppm or water  vapor a s  h igh  a s  
52 ppm had been added. Considering t h e  range of homogeneity of t h e  specimens 
and t h e  u n c e r t a i n t i e s  of t h e  chemical ana lyses ,  contamination of t h e  welds 
could  not be de t ec t ed .  A s i m i l a r  study has been made of contamination of 
T-111 welds a t  impur i ty  l e v e l s  a s  high a s  178 ppm a i r  or 52 ppm water  vapor. 
Again, contamination of t h e  weld metal by r e a c t i o n  wi th  gaseous i m p u r i t i e s  
could n o t  be d e t e c t e d .  Th i s  information should no t ,  of course ,  be used t o  
conclude t h a t  such h igh  l e v e l s  of welding environment contamination a r e  
accep tab le  f o r  c r i t i c a l  a p p l i c a t i o n s .  

With t h e  exper ience  gained thus  f a r ,  b e n e f i c i a l  r e v i s i o n s  can be made 
t o  t h e  welding s p e c i f i c a t i o n  which was o r i g i n a l l y  prepared f o r  t h e  Potassium 
Corros ion  T e s t  Loop Development Program, I n  p a r t i c u l a r ,  requirements w i l l  be 
inc luded  i n  t h e  s p e c i f i c a t i o n s  t o  monitor t h e  gas  composition i n  t h e  chamber 
dur ing  welding. 
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